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TeVatron and Detectors

TeVatron and Its Performance
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TeVatron and Detectors

he CDF and D@ Detectors

CDF acceptances (used)

D® acceptances (used)

tracking (Si-Vtx.) In| <2.0
Drift Chamber: high precision tracking In] <1.0

Em-Cal: e/y In| <1.1
Had-Cal: jets/Hr In| <3.0

Em: scintillator/lead, Had: scintillator/steel (¢/7 &1.3)

In| <1.0

J[-acceptance

tracking (Silicon) In| <3.0
Scintillating Fibers: tracking/triggering In] <16

Em-Cal: e/~y In] <3.0
Had-Cal: jets/Hr In| <4.0

Compensating liquid Ar with Ur/Cu (¢/7 ~1.06)

wide muon coverage In] <2.0

n=0 n=1
Muon Scintillators g

Muon Chambers
—

—
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Phenomenology / Motivation

R,C-SUSY: x=x° Production and Decay

Definition of R-parity:

Rp — 1 3B+L+25]| B: baryon / L: lepton number / S: spin
p=(-1) SUSY: R, = -1, SM: R, = +1

o LSP (usually {9) is stable — “good” dark matter candidate

o LSP escapes detection — much missing energy (Hr)

7
. X
destructlve\_,_
H

t-channel a,
H

interference A <
q

q

@ EW production — small cross section: osysy ~ 0.1 — 0.5 pb
@ choose “golden” channel: )ﬁt )2‘2) — 3¢+ Ef

@ provides a clean leptonic signature with low SM-background
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Phenomenology / Motivation

Multilepton Final States Including 7's

Z(ng§ M(chargino)-M(slepton) = 7 GeV
1803 M(slepton)-M(neutralino2) = - 11 GeV [ ] SUSY IEPtonS — Very IOW pL
160E| |3 lepton 2-body decay of e triggering/identifying not as easy
1405 h i .
120 the neutralino e many different final states — need
100F t-to-leadi lept .
pos i several dedicated analyses
60F
40 leading lepton
20E
= | L 1 U. Blumenschein, Ph.D. thesis:
0 20 40 60 80 100 i )
P, lepton (generator level) (GeV) http://www-d0.fnal.gov/results/publications_talks/thesis/
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P
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Due to mixing in the 3™ gen.
7 becomes lightest £ and
XE X9 mainly decay via 7

=
<
S

o x BF(3 leptons) [pb]
(=
o

my=80 GeV, my,=200 GeV
Ap=0, u>0

)ﬁt 923 — 77T or TEL
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Analysis Strategies

SM-Backgrounds and Selection Cuts

o Z/y* — (¢+ add. lepton Common strategy
(~y-conversion or fake leptons: 7r0) 5 0 -
.. e identify 2 leading leptons
e QCD multijet & heavy flavour o | % 15.95 GeV
. T = ® T Ir If =
production (bb and tt) equire large Iz €
. ensure that Ejf is not parallel to £/jet since
[ ] DI—bOSOn: WW/WZ/ZZ mismeasured £/jets may produce fake E
Wy /jet — Lv+vy/jet e mass selection: J/¥, T, Z-veto
e add 3" isolated track
0+ . e .
- JSearch forG7i > ee+X ___CDFRunll Preliminary  — COVETS €, i and partially Thaq
310 5 L dt=346.0 pb.1 i ', Muj):_ﬂs:ws,r:;xi);:eeewc
o " Drell-Yan
107l \ ~ Why—eyv
2k g \ m— vzt 2 21y
§ '*” T Fake'LepE{ohsy(datﬂé)
& - Data

CDF: ee+€/y, pp+Cu, eel
D@: eel, pupl, epl, like-sign pup
additionally: etf, ut¥t

\ 1 http://www-cdf.fnal.gov/physics/exotic/exotic.html
60 80 100 120 140 160 180 200

M,, (GeVic) http://www-d0.fnal.gov/Run2Physics/WWW/results/np.htm
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Analysis Strategies

Data Understanding in Different Analyses

>10°

exp./analysis pﬂ_l pzf pﬁf
eet®y | 20 8 5
CDF  pup+€p | 20 8 5
eel 10 5 4
eel 12 8 4
DO eul 12 8 7
il 11 5 3
LSpup 11 5 -
Search for XOXE - eetl+X CDF Run Il Preliminary
Ném L dt=346.0 pb™ m&?ﬂ;ﬁiﬁfﬁ oA
o W/yﬂ ey
o = fvevaiay

P Loy
0 20 40
MET > 15 GeV
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Analysis Strategies

|dentifying 7-leptons at D@

65% of 7's decay hadronically — few tracks, narrow energy deposition!
Idea: Neural Nets (NN) to separate 7's from e/jets; one for each type

e Shower shape

(transverse/longit.)

e Isolation
(in dR < 0.3/0.5 cones)

e EM-fraction
no T-tracks
k:
° pJ_ /thr_ac s

Reference signal:
Z — TThad
— e/u Thad

pTe: NN>0.90
eT¢: NN>0.95
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Analysis Strategies

pTy * MET

10<M(eT)<60
> 350 GeV

20 40 60 80 100 120 140 160 0> 100 200 300 400 500 600 700 ,
invariant e+tau Mass [GeV] 3rd track pT x MET [GeV]

additional cuts:

leading leptons: e, Thad Z-veto: 10 GeV < M,-(,?",T) < 60 GeV
p‘i > 8 GeV and A¢(e,7) <29

P} > 8 GeV . >oos ti-veto: Hr = > P/t < 60 GeV
pl > 5 GeV s 37 track Min(MS, ., MZ. ) > 10 GeV

pj_ > 8 GeV  2"r_cand. ptf’Ck 'EZT > 350 GeV?2
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Analysis Strategies

utl - analysis

E > 1oL DD Runll Preliminary
< o >150 GeV?
- o F
0 o™ -
g e 1g T
> c E
w [ C
LI>J L
107
-
2

1 (A > e
0 20 40 60 80 100 120 140 160 180 20C 100 1200 300 400 500 600
transverse mass(u,MET) [GeV] p(1)x p(3" track) [GeV]

additional cuts:

leading leptons: 4, Thad Z-veto: M,.(,ﬁf) <60 GeV, Ad(, ) <2.9
p' > 14 GeV ti-veto: Hr = > p/f < 80 GeV
T
p# ~ Z- geY/ -NNT ;0.9 M#ans > 20 GeV, Mtz—rans > 8 GeV
Pl > (S iso. 3" track pj_ 'pjfaCk > 150 GeV2
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Interpretation

EBFSResults (£ ~ 220 — 350 pb~1)

0 .
I, Search for Xixy—Hil + e/t ana |yS|s Nd N[?;Qg Nsignal

(2]
- CDF RUNII Preliminary
o 3 + Daa ee+€/y, 0 0.174+0.05 0.494+0.06
c 51 W Fake
w g ot van M/J“e//i 0 0.094+0.03 0.37£0.05
£ i A cel 2 0484007 0.3640.27
2 [ ou=aas i’ SUSY-point:  M(%F) = 113 GeV, M(%?) = 66 GeV
Gi 107 mg =100 GeV, my 5 =180 GeV, tan(8)=5, p >0, Ag=0
%
2 [ T T
10 0 40 60 80 100 120 140 160 180 200 . ‘ . [ . ‘
MET>15 GeV ME, (GeV) ’;‘Tez‘;‘zong:;imge- T T
= -
[__CDF Runil Prefiminary. 224 pb” ] ~ -
% Processes
3 Drell-Yan
< B Di-Bosons
5 — mSUGRA
2 - data
—~
— . 2
& pr =4 GeV (Muon?) - MET, 45 GeV
2 T S
=
~ = =
] 20 40 60 80 100 120 140
] MET>15 GeV Missing Er (GeV) http://wwu-cdf.fnal.gov/physics/exotic/exotic.html
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Interpretation

D@ Results

analysis Ny N,f,fg” Nsignal

eel 0 021+0.12 2.15+0.18
epl 0 0.31+0.13 1.47+0.13
il 2 1754057 0.65+0.09
LSpp 1 0.64+0.38 0.62+0.16
erl 0 058+0.14 0.41+0.04
utl 1 0.36+0.13 0.72+0.06
comb. 4 385+0.75 6.02+0.30

SUSY-point (phenomenological model):

o x BR=0.231 pb

M(%E) = 114 GeV, M(%3) = 114 GeV, M(f)g = 115 GeV

Similar to the mSUGRA point:

o X BR=0.188 pb

M()Zli) =110 GeV, M(X3) = 114 GeV, M(£)p = 120 GeV
mg = 92 GeV, my g = 180 GeV, tan(B) =3, u >0, Ag =0
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Interpretation

~ . ~N ~0 3 F v‘z‘—rv[vvvv[vvvv[vvvv‘vvvv[vvvv[vvvv‘vv:L
3¢ max' M(F)N M(XQ) e F Search for ;x5 — 3l+X D@, 320 pb* 3
maximal leptonic BR due = O6E e, o o0 - vy wsepon >y Preliminary
d . . f_d @/ .",. tanB =3, p >0, no slepton mixing =
to dominating f£-aecays X 05 ) =
M()Zi) >116 GeV 'f 4 —— Expected Limit (o) 3
g .. d = 0.4 '-,.l@kk& —— Observed Limit A
no £-mixXing assume X '«,I'l'%a% ....... Expected Limit .
S 035 s ]
Large-mg: small lep.BR, © "B
X3 mainly via W*/Z* 0.2
0.1
T large-mD .
I S T il A
(enhanced ogysy due to relaxed mass unifi- 0 100 105 110 115 120 125 130 135 140
cation and supressed t-channel interference) Chargino Mass (GeV)

Nearly model independent cross section limits (assume certain mass ratiosy — interprete
as mass limits in different benchmark scenarios (relax mass unification)!
The sensitivity extends beyond existing LEP limits at M(x*) >103.5 GeV.
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Conclusions

e CDF and D@ have searched for associated Y*x° production
in the challenging low mass region — very soft leptons

@ Several different final states have been investigated,
including hadronically decaying 7-leptons (at D@)
@ No evidence of signal (D@) — combined trilepton analyses:

~ model independent o-limits (certain mass ratios)
M()Zi':) > 116 GeV in the “3/-max" scenario
no limits from CDF yet, but many more analyses in progress...

o Analyses presented are based on:  Lyec &~ 220-350 pb~!
o Experiments have on tape about: Lge ~ 1000 pb~!

o New data will allow extended coverage of SUSY par. space
— potential for discoveries
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Outlook - SUSY Reaches

—_ R I L e e
= ]
. o
Assumptions: = Search for 5{’3}2 - 3I+X
e background reduction S0t _
go . x 10 MED=MGG)=2MED: MD>MEE)
of 50% in each channel @ y
) X tanp=3, u>0, no slepton mixing
e same backgr.-level in 3
ppl-channel as in eel 3
5

e fractional error in the
exp. backgr.: ~ 10%

Upper limits correspond to
integrated luminosities of L
1,2, 4 and 8 b1 per exp. 100 120

References: arXiv:hep-ex/0504032

10

| P B | |
140 160 180 200 220 240
Chargino Mass (GeV)

http://www-cdf.fnal.gov/physics/projections/

The mSUGRA-inspired phenomenological SUSY-models have trilepton total
cross sections, o xBR(3/¢), between the 3/-max and the Large-mq scenario.
— discovery potential up to M(Y*) ~250 GeV.
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g { oo Searchfor 0~ 3K
Q ] = Search for - 3I+X 3
= T S h f - 3I+X ] E 172 3
& 2 eareh for ?f%ﬂ " . E M(¥))=104 Gev, M&g):lOB GeV E
g r M(Qi)=M(§§)=2M(Eﬁ); MG)>M(Q;) b ; tanB=3, u>0, no slepton mixing é
X 150 3 E \ E
N C J E 1 LN —— Observed Limit 3
%" r ] E : Expected Limit 3
5 1- — Observed Limit - E —
[ Expected Limit ] E E
0.5 j“heavy squarks-| ; ]
B Skmax 4 E msUGRA msp,,edg
040203 040506 07 0809 1 T I R T N N ) N
BR K- tk/BR K- 1% M(slepton)—M&Q) (Gev)
Slepton mixing: Exclude M(x*) cMSSM models: no £-mixing
of 104 GeV for 7-fractions of: Excluded #-mass ranges:
3¢-max: up to 59% M(X9) < M(£) < M(%9)+20 GeV

Sensitivity in 2-body domain:
M(€) <M(%9)—6 GeV /

Daniela Kifer  III. Physikalisches Institut A, RWTH Aachen [ESIEIze Rt @ ETz-l YA\ ENEE TN T [1TeafeTy) 17 /14



Systematics at CDF and D@

Systematics include:

Luminosity

Lepton ID criteria

Fake rates

Jet Energy Scale
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PDF /scale uncertainties of the SM cross sections

e/p  p.-resolutions / smearing

7 identification (many variables, NN)
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